Abstract. A healthy stream is an ecosystem that is sustainable and resilient, maintaining its ecological structure and function over time while continuing to meet societal needs and expectations. The concept described in this paper explicitly incorporates both ecological integrity (maintaining structure and function) and human values (what society values in the ecosystem). Stream ecologists who want their research to contribute to improving conditions in flowing waters require concepts like stream health, which will stimulate research in directions that will be more effective in restoring and preserving the unique organisms and ecosystems they study. Determining what is a healthy stream requires integration of stream ecology with disciplines such as economics and political science, because a concept of stream health must take into account the human attitudes and social institutions that are a part of the stream's societal watershed. New and fruitful directions for stream research lie in developing operational measures of stream health, which include the human dimension and move beyond identifying symptoms of ecological stress, and in elucidating the ecological processes and human actions that maintain stream health.
My objective in this essay is to develop a concept of ecosystem health that explicitly incorporates societal values and to discuss how application of this concept could advance the field of stream ecology. Stream health is not a concept that currently guides lotic research; yet answering the questions of what is a healthy stream and what are the processes that maintain health will advance the discipline, will permit more effective communication with the public that both supports and uses stream research, and will stimulate stream ecologists to link their discipline more effectively with others such as economics, sociology, and political science. It will lead to a more integrative science of stream ecology that is able to contribute to improving conditions in flowing waters.
This essay is structured around 3 questions: 1) What is a healthy stream? 2) What is the need for and the opposition to a concept of stream health? 3) How would stream ecology be different if stream health were a central concept?
What is a healthy stream?
The term "health" comes from a Germanic root meaning "whole" or "uninjured" (Oxford English Dictionary 1971). Haskell et al. (1992, p. 9 ) provide a working definition of ecosystem health: a healthy ecological system is sustainable; it is healthy "if it is active and maintains its organization and autonomy over time and is resilient to stress." Yet ecosystem health cannot be assessed on purely ecological grounds. Rapport (1989, p. 128) argued, "judgements on ecosystem health also involve taking into account more than strictly ecological functions (e.g., considerations of the human uses and amenities derived from the system)." Accordingly, I shall argue that a healthy stream is an ecosystem that is sustainable and resilient, maintaining its ecological structure and function over time while continuing to meet societal needs and expectations. This concept explicitly incorporates both ecological integrity (maintaining structure and function) and human values (what society values in the ecosystem).
This concept of health is different from that proposed by Karr (1995, p.101) , who distinguished health from integrity: "integrity refers to the capacity to support and maintain a balanced, integrated, adaptive biologic system having the full range of elements and processes expected in the natural habitat of a region", whereas health "implies a flourishing condition". According to Karr (1995) , integrity is judged with reference to sites structured by evolutionary and biogeographic forces and little human influence, whereas health refers to the desired state of a site intensely used by humans 439 [Volume 16 (e.g., a cultivated field) but does not apply to natural ecosystems. I accept Karr's definition of integrity and agree that ecological integrity and ecological health are not the same, but I find his concept of health too restrictive. A concept of health does not only apply to sites intensively used by humans, because that would imply that humans derive value only from ecosystems they have engineered. The ecosystems of the world represent a continuum of human influence, and to be truly useful, a concept of health should be applicable to all global ecosystems. An assessment of health requires a clear statement of what it is that society values in or from the ecosystem. Implicit in Karr's definition of health is the assumption that humans value productive ecosystems. An association of health with productivity is natural in a growth-oriented society such as ours (Rapport 1989 ); yet productivity is not the only ecosystem attribute valued by society. Hence the concept of health proposed here explicitly incorporates societal values which include but are not restricted to productivity.
After providing a historical perspective on the development of the concept of ecosystem health, Scrimgeour and Wicklum (1996) accept Karr's definition of health. However, they find the concept "troublesome" because decisions on the preferred state for an ecosystem are societal not scientific. Stream health is not something that can be objectively assessed solely by ecologists. I agree. Its assessment requires input from ecology and from other disciplines and perspectives to clarify societal values. Stream health is not a purely scientific concept. Therein lies its value, because the research problems where such a concept is relevant (e.g., loss of native species, altered hydrologic regime, degraded water quality) are not exclusively scientific problems. Steedman (1994) states that he accepts Karr's definition of health, but then applies a concept of health to natural as well as human-engineered ecosystems. Steedman's use of the term health appears to be closer to what is proposed here. He recognises that societal values are inherent in any assessment of ecosystem health: "most important is the need to explicitly address public perceptions and values in the calibration of ecosystem health measures" (Steedman 1994, p. 606) . Measuring ecosystem health requires "scientifically based decision rules and benchmarks set in a well-documented social and cultural context" (Steedman 1994, p. 608 ). An ecologist's definition of health is but one perspective. Ecologists value the products of natural evolutionary and biogeographic processes, i.e., ecological integrity (Angermeier and Karr 1994 , Karr 1995 . Assessing ecosystem health requires ecologists to engage the public in debate to establish what society values in the ecosystem. An increasingly interested and informed public in a democracy will not simply accept a scientist's assessment of the desired condition of an ecosystem (Steedman 1994) . Ecologists have a critical role to play in this debate: educating the public about ecological integrity, proposing reasonable alternative objectives for desired ecosystem conditions, and identifying the feasibility and ecological consequences of realizing society's goals for the ecosystem.
Scholars in the field of environmental ethics distinguish the instrumental from the intrinsic value of an object (Sagoff 1992) . For example, the instrumental value of biodiversity is its worth when put to human use, e.g., in prospecting for new medicines. Recognizing the intrinsic value of biodiversity is acknowledging that species have a right to exist without reference to their value to humans. Ecologists tend to value intrinsic value, but the general public probably puts more weight on instrumental value. To be useful to a policy-maker, measures of stream health need to recognise both instrumental and intrinsic values of the stream. One way to develop such measures is to specify the goods and services valued by humans and provided by streams (Table 1) and to devise measures of health that can be related to the stream's capacity to continue providing these goods and services.
Conflicts often occur between different instrumental values and also between instrumental and intrinsic values; optimizing for one value may sacrifice another. The same problem arises in ecological restoration: setting goals for restoration requires value judgements (what is desired), and segments of society differ in their values (Policansky 1993) . Ecologists help identify where conflicts will arise, but solution of the problem requires societal debate and is one for the policy-maker to address. Ecologists can also provide measures of health that reflect ecosystem integrity as well as the ability of streams to Another attribute of a healthy stream is its ability to recover from disturbance, i.e., its resilience. Resilience has long been recognized as a component of ecosystem health (Rapport 1989 , Arrow et al. 1995 ), yet it is so difficult to quantify that some have questioned its usefulness in assessing environmental health (e.g., Karr and Thomas 1996) . Studies of resistance and resilience of the stream biota to disturbances have a strong tradition in stream ecology. Mackay (1992) reviewed many of these studies and identified behavioral and ecological traits of taxa that could be used to predict a stream's ability to recover from a disturbance. Stream ecologists have analyzed recovery of lotic ecosystems from a variety of disturbances (e.g., Yount and Niemi 1990); using rate of recovery as a measure of health has not been explored. Assessing the ability of a stream to remove a pulse of nutrients or to recover from an extreme flood or to recover from a toxic spill are potential indicators of health that can be measured either by planned experiment or by taking advantage of events that have occurred (e.g., Lamberti et al. 1991) . Streams that frequently experience floods and droughts recover rapidly after disturbance, but the rate of recovery is dependent on the nature of the recolonization pool (e.g., Stanley et al. 1994 ). Hence using rate of recovery from disturbance as a measure of health could not be an absolute measure but would have to be expressed relative to recovery rates in nearby streams.
In the absence of broadly accepted indicators of ecosystem health, the most simplistic indicators of environmental condition have been used by those asking questions in environmental policy. For example, economists have noted that the relationship between per capita income and some measures of environmental quality has an "inverted U shape" (Arrow et al. 1995) . Some interpret this to mean that at early stages of economic development, pollution is an acceptable side effect of economic growth; but as incomes rise, people develop greater concern for environmental protection; hence economic growth is good for the environment (Arrow et al. 1995) . Simply using concentrations of individual pollutants as a measure of environmental condition leads to the inaccurate conclusion that improved environmental quality is a consequence of economic growth; the fallacies in this approach have been articulated (Arrow et al. 1995) . Indicators of stream health must reflect the complexity of goods and services provided by streams, and not simply the concentrations of one or a suite of pollutants at a series of sites Thomas 1996, O'Neill et al. 1996) .
Most assessments of ecosystem health have been based on the definition of health as the absence of disease, which in streams means the absence of stress caused by human pollution, such as acid deposition, toxins, insecticides, sewage effluent, soil erosion, etc. (e.g., Schaeffer et al. 1988) . Toxicology is the current focus in the field of ecosystem health based on the types of papers appearing in journals such as the Journal of Aquatic Ecosystem Health. A focus on disease has provided insight into how systems change under stress (e.g., Schindler 1987) and has resulted in indicators of health that measure loss of species, vulnerability to pests, or alteration of ecosystem processes. Early warning of stress is provided by measures of life-table parameters of sensitive, short-lived species that are poor dispersers and by measures made at locations in the food web where redundancy, immigration, or both, are low (Schindler 1990) .
Using the biota as indicators of stress to the ecosystem has proven successful (e.g., Rosen-[Volume 16 berg and Resh 1993) . Indices based on fish or macroinvertebrate assemblages have proven to be useful measures of stream health and are widely applied today (e.g., Karr 1993) . Still lacking is a wealth of evidence linking these structural measures and the functional attributes of streams that the general public values. Wallace et al. (1996) showed the linkages between structural and functional measures of stream health in a headwater Appalachian stream, but similar analyses are needed for a wider range of stream types.
Just as good medical practice is more than curing disease, so assessing and maintaining stream health is more than detecting and reducing ecosystem stress. Current practice in medicine emphasizes preventive medicine. Physicians are beginning to focus on wellness rather than illness, on preventing disease through changes in lifestyle. Many of the most striking previous improvements in human health (largest numbers of people affected) were achieved through prevention of disease by water purification, immunization, or stopping cigarette smoking (Rapport 1989) .
A focus on wellness would also be a fruitful approach when incorporating a concept of health into stream ecology. Rather than simply assessing ecosystem health, a stream ecologist could also work on ways to achieve and maintain stream health. This will require collaboration with disciplines whose focus is on humans and their institutions, because modifications in human behavior will be necessary to achieve stream health. Minns (1995) proposes a framework for using a wellness approach to ecosystem health, 4 principles of which I discuss here:
1. Management should be adaptive because uncertainty will always exist, and knowledge will always be incomplete (Minns 1995) . Adaptive management consists of experiments based on current understanding of the system, designed to test that understanding, monitored for their effect, and altered as needed. Engaging ecologists in this process may require some changes in behavior: "Ecologists spend too much time trying to understand problems before they take action. They may be incapable of contributing useful solutions because they get lost in the details of natural environmental variation" (Karr 1995, p. 105) .
2. A scale of reference is needed. Minns (1995) proposed recognizing some historical state and the potentially most degraded state if current trends continue. The present can then be located on that scale, and the preferred sustainable state identified. RIVPAC, a system for stream health assessment in Britain, has taken a somewhat different approach, using the least disturbed streams to establish one end of the scale of reference; the other end of the scale can be established by studying highly disturbed sites (Wright 1995) . This process of establishing the scale of reference is analogous to determining optimum-weight charts for humans; ideal weight has changed as more data on health effects became available and as human concepts of beauty changed. Similarly, the preferred state for a stream will change as ecological understanding of the system grows.
3. Maximum extent of allowable change should be established. What is critical may not be the actual value of an indicator of health, but the extent and direction of its change (Minns 1995) .
4. Indicators of health should reflect both ecological processes and human institutions. Indicators should reflect the interdependency among ecology, social/political institutions, and economics: ecological processes set the limits for what human activities are possible; human institutions (laws, culture) are dependent upon and influence ecological processes; economic systems require human and ecological resources and also affect them (Minns 1995) .
A photograph of a fishing boat stranded on the sands of the former Aral Sea is a poignant reminder that economic and social institutions affect ecological health. The societies that have showed the greatest improvement in urban environmental conditions have been those with the strongest democratic institutions (Karr and Thomas 1996) . River conservation organizations recognize the critical role of social institutions. When making decisions on where to take action, the human setting is always considered. Conservation organizations consider not only .if a river has ecological, social, or cultural attributes that make it worthy of conservation, but also if it is threatened by human activities, and whether a champion for the cause of conservation can be found.
Because human institutions influence ecological health, indicators of wellness need to incorporate measures of those institutions. This is not something ecologists can do alone. It is some-thing that must be done in conjunction with colleagues in the social and economic sciences. A focus on wellness requires that stream ecologists engage these related disciplines, just as we have engaged entomologists, physiologists, hydrologists, geochemists, and geomorphologists in the past.
What is the need for and the opposition to a concept of stream health?
Despite ever-increasing numbers of aquatic ecologists and publications about stream ecology, flowing waters continue to be threatened by altered hydrologic regime, species extinction or threats of extinction, habitat degradation, and poor water quality (e.g., Benke 1990 , Naiman et al. 1995 . It seems unlikely that more of the same kind of stream research will reverse this trend. Stream ecologists who want their research to contribute to improving conditions in flowing waters require concepts that stimulate research in directions that will be more effective in restoring and preserving the unique organisms and ecosystems they study. Incorporating a concept of health into stream research offers one approach to meet this need.
Stream ecology will benefit from a concept of stream health for the same reason that medical science has benefited from a concept of human health. The definition of health in medical science is not precise (Rapport 1989 ); yet medical science has clearly prospered and progressed because the concept provides a goal that can both focus research and be understood by the public and policy-makers. Importantly, that goal is valued by the public, who are supporting and using the results of the research. It can do the same for stream ecology. Policy-makers and the public need simple, understandable concepts like health to help identify what it is about a stream that is important (Shrader-Frechette 1994) . There are an infinite number of ways to describe nature, and the way chosen depends in part on the audience. The concept of stream health offers a view of nature that is useful for an audience of managers, policy-makers, and taxpayers.
Ecologists are reluctant to use value-laden concepts like health (e.g., Wicklum and Davies 1995) . The term health is value-laden because a value judgement about the preferred state of the ecosystem is implicit in its assessment (Policansky 1993) . Scientists are reluctant to use valueladen words like health because it is argued that science is neutral; yet the path of scientific research is greatly affected by the values held by agencies and individuals who fund research and by peers who review proposals and papers (O'Brien 1993) . There are many correct descriptions of nature, and "the belief that nature is, or can be, measured and described before one decides what is important is a dangerous illusion" (Norton 1995) . Ecologists make value-driven decisions when deciding what research questions to answer. If a dozen stream ecologists were each asked to design a research program on a given stream, the result would be a dozen different proposals designed to answer different questions. Some programs would investigate evolution or behavior of insects or fish; others might address questions about nutrient cycling or algal assemblages. The questions asked are a result of what a scientist thinks is important about a particular system. It begins as a subjective, value-driven process. Once the question has been asked, the objective scientific method is used to answer it; but deciding what question to ask is subjective.
Reluctance to embrace the concept of stream health is also a consequence of individual differences in approach to conceptualizing problems. Stream health is an analogy, a metaphor that provides inspiration and insight for some. Others see it as a threat, arguing that use of the metaphor leads decision-makers in the wrong direction and that a metaphor like health is not an observable property (Suter 1993) . Society would benefit from ecological metaphors expressed as indices that are reported along with other indicators of well-being, such as economic indicators. Economists admit their indices are not perfect; yet release of the Index of Leading Economic Indicators affects the stock market. Release of indices of stream health could have a similar impact on policy decisions affecting water resources.
Health is a metaphor with value for structuring research questions and effectively communicating results. In an analysis of case studies of ecosystem management, Gunderson et al. (1995) identified the effective use of metaphors and symbols to communicate and to develop a set of shared values as one of the strategies common to examples of successful ecosystem management. For Chesapeake Bay, it was the meta-[Volume 16 phor of the Bay as everyone's backyard; for the Great Lakes it was the concept of ecosystem health and integrity (Gunderson et al. 1995) .
The concept of health has been criticized for implying that ecosystems are organisms (e.g., Suter 1993, Wicklum and Davies 1995 ); yet it is not necessary to view a system as an organism to apply a concept of ecosystem health. Although economic health is frequently discussed, no one views the economy as an organism. Ecologists deal with differential exposure of different parts of a loosely linked, complex, non-homeostatic system; the system is less robustly defined than the human body, its dynamics are less tractable, and alternative states are not so easily fully characterized (Kelly and Harwell 1990) . These characteristics make ecosystem health harder to determine, but do not make the concept inappropriate. The same criticisms apply to the economy, yet economic health has proven to be a useful concept.
Single indices of health can be misleading (Suter 1993) . Ecosystem health has been criticized as a concept because there are no analogs for pulse or temperature (Kelly and Harwell 1990 ); yet no physician would use only those measures to assess health. A multiplicity of indicators of stream health is needed, just as there are a wealth of medical and economic indicators. The key is to link specific indicators with ecosystem components and processes that are valued by society. A diversity of indicators is needed to reflect the complexity of ecosystems and the wealth of goods and services they provide society.
How would stream ecology be different if stream health were a central concept?
For a concept of stream health to be of value in stream ecology, it must take into account the human attitudes and social institutions that are a part of a stream's societal watershed, by which I mean the social structures and political institutions that directly influence ecological structure and processes in the stream. Applying a concept of stream health will require interdisciplinary dialog, synthesis, and experimentation to seek novel and effective solutions to the crises faced by rivers and streams in a world transformed by human actions. If humans are the dominant species on earth, it seems logical to incorporate the human dimension in stream research by collaborating with disciplines whose object of study is humans and their institutions. Ignoring the human dimension means omitting some of the most important forces shaping stream ecosystems globally. The Challenges report recently completed by the American Society of Limnology and Oceanography concluded that limnology is poorly connected to application (Lewis 1995 ). This conclusion is not entirely surprising: if human society is not explicitly a part of conceptual models in the discipline, why should its research meet the needs of human society? Our society is ill equipped to deal with the freshwater crises it confronts (e.g., Postel et al. 1996) , in part because aquatic science has been poorly connected to the sciences that study human institutions. The ideas and priorities embodied in the Freshwater Imperative seek to improve this condition (Naiman et al. 1995) .
Among the specific actions that interested stream ecologists can take is simply to begin assembling the analog of human height/weight charts for streams, as is being done in several countries (e.g., Bunn 1995 , Resh et al. 1995 , Wright 1995 . Identifying, understanding, and protecting regional reference systems would be a valuable scientific advance because a useful concept of stream health is regional and relativistic. This is precisely the scale that the Freshwater Imperative identified as being most relevant (Naiman et al. 1995) . Angermeier and Karr (1994) consider integrity to be "the presence of all appropriate elements and occurrences of all processes at appropriate rates." Hence there is a need to compile data on regional reference systems to clarify the ranges to be expected for "appropriate elements" and "appropriate rates". Because so many streams have been modified by humans (e.g., Benke 1990), it will be difficult to find entire riverine systems that can serve as regional references, and reference reaches will have to suffice.
In the southeastern US, the Etowah River could be a candidate for a regional reference system. It is a river noted for its high biodiversity, yet it is threatened by the rapidly expanding metropolitan area of Atlanta (Burkhead et al. 1992) . I shall use this river to illustrate how the questions being asked by a stream ecologist might change if a concept of stream health based on wellness were incorporated into stream research. Without such a concept, a stream ecologist might analyze the foodweb of this river, seeking to understand the relative importance of various sources of carbon, as has been done in other rivers (e.g., Meyer 1990 ). This research would certainly contribute to scientific understanding of stream ecosystems and would be of interest because relatively little is known about foodwebs of intermediate-sized rivers in the Piedmont region. It would be of limited relevance to assessing the health of this system because it does not include humans or their institutions. A study that would be more relevant to assessing health might include developing a model that depicts past land use and forecasts future use in the basin under different policy scenarios as has been done for forests by Wear et al. (1996) . Such a study might assess the impacts of changing management policies or economic conditions on invertebrate and fish assemblages in the river and on riverine function (e.g., changes in P/R ratio). Yet even that research would be reactive not proactive and would assess stress rather than wellness.
A study based on the concept of wellness would directly involve the human forces acting in the watershed: What human actions affect the river and what groups are responsible for those impacts? How do these actions alter the capacity of the river to provide the goods and services desired by society? What groups in the community are dependent on the river, and what do they require from the river? What socioeconomic groups and what businesses benefit from a healthy river or are threatened by its degradation? What existing groups in the community are concerned about the river (e.g., is there a riverkeeper to monitor compliance)? What planning and management tools are available to maintain health (e.g., are riparian zones protected)? What are the policy tools available (e.g., are conservation easements an option)? What are the economic tradeoffs? What are the political forces that influence this river?
Answering these questions requires interaction between ecologists, economists, policy analysts, political scientists and legal scholars. This .type of research also requires changes in the institutional organization of science and the way in which research contributions are evaluated by hiring and promotion committees (Risser 1996) . Stream ecology has benefited from incorporation of hydrodynamic and geomorphic complexity into research designs; it is time now to integrate human and institutional complexity into stream research. This is not simply an appeal for more effective communication of research findings after the research is completed. It is a suggestion that as the research is designed, it is put it into the context of human society. Incorporating a concept of stream health in stream ecology will broaden its perspective, but need not diminish the rigor of the science.
Conclusion
Value-laden concepts like stream health offer fruitful research directions for stream ecologists who seek to contribute to the solution of environmental problems. To assess health, one must include the human component because human actions are responsible for much of the environmental deterioration. An integral concept in stream ecology over the past two decades has been that of "the stream and its valley" (Hynes 1975) . This concept has served the discipline well, but it needs to be expanded to include human society and the social institutions that are an integral part of that valley. Studying land use and the effect of human activities on forests and soil erosion is necessary but not sufficient. It is also necessary to include the human institutions that interact with the stream and that control its future condition: laws and the their enforcers, management agencies, industries, conservation groups, and the culture and values of private land owners. A pristine stream in a politically unstable setting or with no supporters is not a healthy stream because it is not sustainable. The stream and human society are interdependent parts of the same system.
